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Abstract 
The automotive industry has been an industry of many breakthroughs in technology and 
mechanical systems over the course of its history. But in one area, its innovation has slowed. 
That is in the area of the short throw shifter. All aftermarket short throw shifters are currently 
one dimensional. No adjustability, no ability to finetune to one’s personal desire. The goal of 
this project is to create a short throw shifter frame that is easier/faster to install, as well as 
allow for full adjustability of the shifter from inside the car. This frame design uses mostly 6061-
T6 aluminum, along with some 1020 low carbon steel. Both of these materials are low cost, 
while maintaining strength and rigidity. Once the design was set, stress and strain calculations 
were made to insure the frame would hold up in the real world. The manufacturing process was 
then implemented to create all the individual parts of the assembly. Some of the manufacturing 
methods used included: CNC mill, manual lathe, and CNC plasma cutter. The testing for this 
project consisted of a strength test, a corrosion test, and a install test. The results show a frame 
that has the same strength(50lbsf) and corrosion resistance(1 year) as the stock frame, as well 
as a 50% faster time of install. All this was done well increasing ease of installation, and creating 
room to allow for full adjustability of the shifter. 
• Keywords: automotive, shifter, aftermarket, adjustability  
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Introduction  
 
Description/Motivation:  
The manual shifter in one’s car is argumentatively one of the most important parts in one’s car. 
It connects the driver to the car in a very personal and physical way. Stock shifters that come in 
cars from the factory are very sloppy and do not provide much feed back to the driver. This 
might be ok for the person who only thinks of their car as a mode of transportation, but for 
those who love to drive, this is unacceptable. The only way for the person who wants more out 
of their shifter, and out of their car, is to buy a short throw shifter. This is a good upgrade, but 
one that comes with its own set of problems. One of which is the lack of attention to the frame 
of the shifter itself. All the engineering goes into the handle and the short throw, but none goes 
into the frame and the bushings. These two things play vital roles in the feel and performance 
of the short throw shifter and are often overlooked. This will be addressed in this project. 
 
Function Statement: 
A device is needed to hold the shifter firmly in place.  
 
Requirements: 
• Be able to mount to stock mounting points 
• Be able to install without removing drive shaft. 
• The design will require hand assembly only(Only use a 3/16” socket head and 13mm wrench).   
• Move ball joint 1-3in into cab of the car. 
• The Safety Factor of the frame must be the same or better than stock 
• Frame precision tolerance allows a tenth of an inch of movement(Under a load of 50lbs) in each 
direction. 
• Device must be protected from the elements (Salt water for 1 week) 
 
Engineering Merit: 
This frame will require a lot of force calculations as there wide range of forces at different 
angles being applied. Shear stress/strain, normal stress/strain, and torsional stress/strain. Also, 
the whole design will have to be redone and redesigned to fulfill many of the requirements that 
have been specified. 
 
Scope of Effort: 
This is part of a two-part project that will fit together once both have been completed. The 
ASTS frame, and the ASTS shifter itself. The scope of this effort will be on the frame and how 
best to build it to get the best performance and ease of use out of it as possible. 
Will include, 
• Design front arm 
• Design rear mount 
• Design ball joint holder 
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• Design bushing 
• All force calculation for each part 
• Manufacturing of each part  
 
Success Criteria: 
Is able to allow the driver to shift through all the gears easily and smoothly. The installation is 
faster and easier than stock. The frame will be lighter then stock. 
 
Design and Analyses  
Approach: Proposed Solution   
The proposed solution for the build is to create a three-part frame so that it can be assembled 
in the car. This will allow very easy access for all nuts and bolts as well as lots of space for the 
pieces of the frame to slide through the hole in the floorboards. To take up any play, now that it 
is a three-part system instead of a one, guide pins will be added to hold all pieces together. The 
housing will be made up of two parts that will separate in the middle to allow the shifter 
mechanism to slide between. They will then get bolted down along with the rest of the frame in 
the car. 
 
Benchmark 
The benchmark for this project is the stock shifter from the car. It is was used to find the max 
forces the new shifter will need to withstand as well as give locations for mounting. The forces 
were calculated based off of the steel handles yield strength and provided a good safety factor 
to stay under.  
 
Performance Prediction  
This frame will mount to the original mounting locations well moving the ball joint up 2in to 
provide better and quicker shifts. The 2in increase will allow the fully adjustable shifter to move 
with no clearance issues and preform smoothly. 
 
Scope of Testing and Evaluation  
The testing of the frame will include mounting, install speed, corrosion tests, and movement 
tests. The first will be mounting. The team will take the stock shifter out of the car and try to 
install the ASTS frame. This is a go/no go test. After that the frame will be tested on install 
speed. There will be two install runs timed for the ASTS shifter frame and two for the stock 
shifter. Then they will be compared. The corrosion test will be handled in the school where acid 
will be dropped on the frame for a hour to see if it stains. The final test will be the movement 
test.  
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Analyses: 
Design Issue: 
The design issue of the project is to create a frame that moves the ball joint into the cab 
without sacrificing any strength or rigidity well allowing for a better/faster install. 
 
 Two-inch Height Increase  
One of the biggest issues of this build will be the 2” increase of the height of the ball joint 
location without giving up any rigidity or strength. To do this the team needed to calculate the 
benchmarks yield strength. Figure A-0 shows the calculation of the yield force of the 1020 steel 
shifter rod. With this number the team was able to calculate the reaction forces and moments 
in all directions with the 2” increase of the ball joint(Figure A-1,2,3). The 2” increase changes 
the moments because the moment arm increases, causing the reaction forces to increase as 
well. With these new forces the design of each arm could begin. The Long-arm was designed 
out of 6061-T6 aluminum in a C-channel shape(Figure B-2). Using this design the team could 
calculate the max stress of the Long-arm under max flexure(Figure A-8). The Short-arm design 
was chosen as a basic rectangle shape made out of ANSI 1020 steel(Figure B-3). With this shape 
and material the team could calculate the max stress. It turned out to be 34,232psi(Figure A-7). 
Both of these max stresses are under the materials yield strength which shows that the new 
shifter design will withstand the max force of the benchmark shifter. 
 
Quick/Easier Install 
 The other big issue this build will address is the install time/ease. One of the big problems with 
the stock shifter frame is that it is one big piece(Figure A-1). This means that when you 
install/uninstall it you either have to remove the drive shaft under the car or wiggle it through 
your console, which is very hard without scratching anything. To allow for a better/faster install 
the decision was made to make the shifter frame into three basic parts(Figure B-7). With three 
separate parts you could install the Short-arm and Long-arm separately under the car and then 
connect the housing to each arm in the cab of the car. This will allow for a faster and easier 
install time. Estimated at 30min(Figure A-4). 
 
Analysis do to Manufacturing 
The manufacturing process did not change enough on the final design of the project to require 
additional analysis. The big thing that changed was the overall diameter of the Housing(both 
top and bottom). This increased from 3 ¼” to 3 ½”. Because this was an increase in diameter, 
not a decrease, the overall strength of the project went up. This increase in strength eliminated 
the need for additional green sheets. Along with this change came some smaller changes to 
some of the fillets/chamfers around the top and bottom of the Housing. The reason for these 
changes were ease/speed of manufacturing. They did not have any effect on the overall all 
strength and no additional green sheets were needed.  
 
Device: Parts, Shapes, and Conformation  
There are three main parts to this frame with one sub-assembly. The first in the long arm of the 
frame(Figure B-2). This arm mounts directly to the transmission and hold the shifter frame from 
 8 
moving forward and back. The shape is a C-channel inspired design with a lot of the aluminum 
taken out of the long arm to lose weight. The next part is the Short-arm(Figure B-3). It is 
mounted to the underside of the floor of the car. Its main purpose it to keep the shifter from 
moving up and down in the car. This is made up of just aluminum rod that is 1”X1/2” that is 
contoured to a s-shape. The third part is the sub-assembly of the housing that holds the shifter 
mechanism in place(Figure B-4 and Figure B-5). It is made up of two 3.5” aluminum bar bricks 
that are machined to allow the ball joint of the shifter mechanisms to fit between them, and 
then get bolted down.  
 
 
 Tolerances, Kinematics, Ergonomics, etc. 
The main tolerances in the build is going to be the front hole location and back bushing location 
based on the ball joint location(Figure B-8). These are very important as they will allow the 
frame to be able to mount in the stock locations. The goals was to manufacture these parts so 
they are within 0.025” at each mounting location. With this tolerance the bushing can take up 
the rest of the slack. The one thing that allows for a little bit of a larger tolerance is the fact that 
the back bushing is on a slide which allows the frame to have a little bit of play when installing it 
in the car. This keeps the frames tolerance low, and thus, the manufacturing costs low. 
 
Technical Risk Analysis, Failure Mode Analyses, Safety Factors, Operation  
Limits 
This projects risk and safety factors are solely based on the stock shifter frame performance. 
The goal was to match or exceed the stock frame in all areas. To do this the yield point of the 
steel stock shifter handle was calculated and then used for all calculations pertaining to the 
new ASTS frame. Along with that, the average force needed to shift a gear was obtained with a 
weight scale to allow for calculations based on repeated stress safety. The new frame well 
exceeds the stock frame in max yield strength capabilities(Figure A-6, 7, 8, 9) and easily handle 
the repeated stress(Figure A-10, 11).  
 
 
Methods and Construction  
 
Methods:  
This build was conceived and is being built at the facilities of Central Washington University. 
This gave many options for building and design that most people would not have, but is still 
limiting. The University as such tools as CNC lathes and mills, but sadly the foundry and welding 
shop were closed off for the year. This put a limit on the type of build that could be done. The 
equations that are mainly used for this build were the basic sum of forces equations(Fynet=0, 
Fxnet=0), moment equations(Mnet=F*d) , and stress and shear equations(stress=F/A, 
shear=F/Acr.), both in tension and flexure(stress max=Mc/I). These equations were used to help 
find the stock shifter max yield(Figure A-0) and then match that for the ASTS frame. The stock 
shifter is made up of a pressed steel housing, and steel rod welded together. This creates one 
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big piece that you have to try and fit through the dash of the car. The proposed solution for the 
above requirements is to break the shifter frame into three basic parts; Short-arm, Long-arm 
and Housing sub-assembly. Breaking up the frame into three parts allows for easier install as 
well as giving the 2” left so that it meets the above requirements. The 2” increase of height of 
the ball joint added more moments and forces to the frame that needed to be considered when 
designing the frame(Figure A-0, Figure A-2, Figure A-3, Figure A-4). The Short-arm and Long-arm 
need to withstand the stress and shear calculations from the reaction forces. This was obtained 
by the shear and stress equations above. Once those equations were solved the parts could be 
fined tuned. To help with weight, the long arm will be made into a C-channel shape. This shape 
will be broken up and shrunk until it is as light as it can be without going over the yield of the 
aluminum.  
 
Construction: 
Description  
Based on the decision matrix(Figure A-13), the decision was made to make the majority of the 
frame out of aluminum. The only thing that will be made out of steel will be the short 
arm(Figure A-3). The major requirements of this build are the height increase of the ball joint 
and the install speed /ease. To provide a faster and easier way to install the shifter frame it was 
decided to brake off the frame into three main parts: The Short-arm(Figure B-3), Long -
arm(Figure B-2), and the Housing(Figure B-4 and Figure B-5). The Long-arm and Housing sub-
assembly will be machined out of 6061-T6 Aluminum and the short will be plasma cut out of a 
low carbon steel.  
 
Parts List 
• Long-arm(1 ½”X1 ½” Aluminum Stock) 
• Housing(3 ½”-6” Round Aluminum Bar) 
• Assembly Bolts(X2 - Black-Oxide Alloy Steel Socket Head Screw, 1/4" 
20 Thread Size, 3 ¾” Long, Partially Threaded) 
• Assembly Bolts(X2 - Black-Oxide Alloy Steel Socket Head Screw, 1/4" 
20 Thread Size, 3" Long, Partially Threaded) 
• Housing Bolts(X2 - Black-Oxide Alloy Steel Socket Head Screw, 1/4"-20 Thread Size, 1 
¾” Long, Partially Threaded) 
• Short-arm(ANSI 1020 12”X12”X1/4” plate) 
 
Manufacturing Design issues 
The two big manufacturing issues come into the form of the Short-arm(Figure B-3) and Long-
arm(Figure A-2). The short arm was initially going to be made out of Aluminum like the rest of 
the frame but after looking at the shape and trying to figure out how to machine it, it was 
decided to plasma cut it out of a low-carbon steel instead. This will allow for an easier and 
faster manufacturing process well maintaining the strength and functionality of the part.  
 10 
 
 
Manufacturing Process 
Long-Arm(Figure B-2) 
The first step in the manufacturing process was to get the stock material for the part(6061 
Aluminum). The plan was to order 1”X1” square bar and machine it, but after to talking with the 
shop manager, there turned out be 1.5”X1.5” square bar in stock which would not need to be 
ordered. Though this meant a little bit more machining time, the time savings on not having to 
wait for the material to be shipped was huge. With the stock selected the next step was to 
program the CNC on the CAD/CAM software on Solidworks. Since the team had experience with 
the CAD/CAM software it went smoothly and quickly. There would be two main operations for 
the CNC; the c-channel and end bushing hole, and the bottom face milling and the 
tapped/drilled holes. The first step in the operation of cutting the c-channel and the bushing 
hole was to face mill the extra ½” of aluminum off the bar with a facing tool. The first choice for 
this process was a ½” endmill as that is the most common in the shop, but after finding a facing 
endmill, the choice was made to use that instead of the ½” endmill to decrease time. Once that 
was done, a 3/8” bullnose end mill was used to cut out the c-channel section. Here again, a ¼” 
endmill was first choice, but the bullnose provided a bigger diameter(which gives more rigidity) 
and a slightly rounded tooth pattern which provides a cleaner cut. The final step was to bore 
out the bushing hole and face the outside with the 3/8” bullnose endmill. With the final 
machining process done, all measurements were taken to verify the correct lengths and 
diameters before removing the part from the vice.  
 
The Housings(Figure B-4,5) 
The housings(both top and bottom) were manufactured out of 3 ½” aluminum round bar stock. 
The first step in the process was to use the band saw to cut the bar into lengths of 2 ¼” and 1 
¼”. This extra  ¼” provided room to face the pieces so that they would be square when they 
were finally matted together. With the pieces faced, the next step was to cut out the ball-joint 
and the relief angle holes. The first plan was to use the manual lathe to do this, as that would 
involve less set up time and easier on the fly changes. But the problem with using a manual 
lathe is tolerances. Since the ball-joint hole was supposed to allow the ball-joint to be pressed 
fit in (Class FN 1, 0.001”) the manual lathe was eliminated. The CNC lathe was then considered, 
but since the team had little experience running the CNC lathe, the set up time would be to 
great and the operation would take too long(+2hrs). What was finally selected for this ball-joint 
operation was the CNC mill. The team had lots of experience with the machine and the 
operation would go quickly(Appendix E). One of the nice things about using the CNC mill was 
the ability to creep up on the dimension that is desired. When the program is written, the 
option of wear is selected. This means that the operator at the CNC can input at the machine 
what the tool diameter actually is. Having this ability allows the operator to set the tool 
diameter bigger(+0.005”), run the operation, check the hole dimension, and then adjust the 
diameter to reach the desired goal. Having this ability allowed the team to get a ID of 0.001” 
smaller than the OD of the ball-joint. The relief angles, because of a lower tolerances(+-0.010”), 
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were cut out with the manual lathe. This went quick and smooth(Total time of 1hr) and the 
desired dimensions were reached(112°). 
 
Short-arm(Figure B-3) 
The Short-arm was manufactured out of ¼” 1020 low-carbon steel plate. The part was drawn in 
solidworks and the DXF file was sent out to a custom machine shop to be cut out. The only part 
that was not cut by the plasma cutter was the holes. Because these holes had to be tapped, the 
plasma cutter could not be used. Plasma cutters harden the steel around where they are 
cutting, not allowing for those sections to be machined afterwards. So a drill was used for the 
holes after the plasma cutter had cut out the basic shape. 
 
Bushing(Figure B-6) 
The bushing that is being used is from the stock shifter. The only thing that needed to be done 
on it was cutting out the center slot to allow the Short-arm to fit. The initial plan was to use a 
hot wire or something similar to cut the relief, but after consulting the shop manager, a razor 
blade was used. Tolerances on this part was pretty low(+-0.050), so precision and accerecy was 
not as important as speed.  
 
Assembly(Figure B-1,7,8) 
When all the parts were made, the assembly process could begin. Since the ASTS frame is 
designed to be put together be hand, only hand tools were needed. The initial install took some 
time as the bolts were such a tight fit in the housing that it took a number of trys to screw 
everything together. Because of this, the holes on the Housings(both) were drilled out with a 
bigger diameter drill(17/64” I). Once that was done the assembly went smooth and without any 
hiccups. 
 
Testing Methods 
Introduction  
There are going to be three main testing parameters that will need to met. The first will be the 
corrosion test. Corrosion is one of the biggest problems with any parts that go under a car and 
should be checked before install or other test. The second will be a strength test. This will make 
sure the frame actually holds up to the forces calculated. And the third will be the install test. 
This will make sure it actually mounts up to the stock locations as well as verify that the install 
speed has increased. 
 
Method/Approach 
The first of the tests will tackle the requirement of resisting the staining of acid and lye. This will 
show the corrosion resistance of the frame and how it interacts with the elements. The reason 
you start with this test is to prove the longevity of the product. If the frame does not withstand 
the lye and acid it will not last under the car for its desired life cycle. Once it has to been proved 
to be able to withstand the elements the next step is to prove that the ASTS frame can 
withstand the max forces calculated. This is a safety test. Making sure it will not break in the car 
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when the driver is driving the car is vital. This test will show the movement of the frame under 
max force fulfilling the requirements of movement. Now that the frame has past the first two 
test it is on to the final one, the install test. The first requirements this test undertakes is the 
stock location fitment and ball joint height. The second requirement this test fulfills is the install 
speed. Running the install three times to get accurate data.  
 
Test Procedure 
Corrosion Test 
The first test that will be done will be the corrosion test. The point of this test is to simulate the 
life cycle of ASTS frame underneath the car. With the frame fully assembled, heat will be 
applied to it. The heat will come from a light bulb(38C-65C) or something similar. With the 
heat applied, a spray bottle will be used to spray salt water on the frame. The frame will be 
sprayed twice daily for one week. After one week, the frame will be weighed and compared to 
the weight prior to the test. If it weighs heavier than the initial weight(+0.1lbs), then it has 
failed and a redesign is in order. If it gains less than 0.1lbs, then a scratch test will be done to 
verify integrity. 
 
Strength Test 
Step by step procedure. 
1. Mount the frame to a jig(simulates the stock mounting points of the car).  
2. Attach a steel cable to the bottom linkage attachment of the shifter(fasten this cable to the jig  
in such a way that it will not move or flex when force is applied to the top of the shifter handle).  
3. Attach a hand crank and a pull-type scale to the top of the shifter handle and to the jig.  
4. Measure distance from the ball-joint to the front of short-arm(this is for reference).  
5. With everything secure, slowly crank hand crank to slowly apply pressure. Stop once the pull-
type scale reads 30lbs.  
6. Measure deflection in short-arm, long-arm, and housing with a caliper.  
7. Measure the distance traveled by ball-joint with either a caliper or a measuring tape and 
compare to the original result(use measuring tape only if the caliper cannot reach).  
8. Release the hand crank and slowly release the pressure.  
9. Check for cracks or any deformations(do not go to step 10 if any cracks appear).  
10. Repeat steps 4-8 two more times and average the results. 
 
Install Test 
Install ASTS frame into car. Then repeat three times, timing each time. Average the results and 
compare to stock shifter install time. 
 
Install Test Results 
The first thing done was to install the shifter frame to verify that it installed on the stock 
mounting points on the car. This was one of the biggest test of the whole project. If the frame 
did not mount to the stock mounting points the frame would be useless. After removing the 
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stock shifter out of the car, the new ASTS frame was installed. It mounted right to the stock 
mounting points without any issues. This was the first big success. With that hurdle complete, 
the next time step was to run the install speed test. The big problem with test was to find a 
consistent way to run the test without having the time fluctuate due to tool locations and bolt 
placement. To get around that, the placement of tools and parts were placed in the same spot 
every time. Along with that, the order that the frame was put together was also did not 
changed from test to test. This helped a lot for test consistency and allowed the results to be 
precise. The goal for this test was to be under 30min install time. This was based off of the 
estimated install time from a Hurst aftermarket shifter frame install manual. The results after 
running the test, as you can see below, were 10:07, 9:47, 11:05. This was better than expected. 
It cut the install time down by over 60%. This was another big success for the frame. 
 
Strength Test Results  
The strength test went pretty much as planned. The jig set up was made completely out of 
wood. This was due to the closure of the university and and material availability. Because of 
this, the construction of the jig went pretty smooth and was easy to make as wood is easy to 
drill, screw, etc.. The downside was the fact that deflection measurements for the frame were 
skewed. When measuring deflection, the plan was to measure the distance from edge of jig to 
ball joint location(for both rest and under compression), and then compare the results. The 
problem with this was, because the jig was made out of wood, a accurate measurement could 
not be made. Because wood deflects/compresses you could not tell it the wood that was 
yielding or the frame. Thus the result was 1/8”. If the test could be run again a metal jig should 
be constructed so as to eliminate any deflection in the jig itself. But apart from the the test 
went really well and the frame held up to all the forces applied to it. The final force that it held 
was 55.42lbs. 
 
Deliverables  
The results of the tests above will be recorded on the chart below. It will combine all the data 
gathered from the tests and show results and a pass/fail grade.  
 
 
Test Results 
   
    
Test 1 Go/No Go   Pass/Fail 
Corrosion  Go  Pass 
Weight(+- 0.5oz)  Before  After  
 
 4lbs 6oz 4lbs 6.5oz Pass  
    
Test 2 Results   Pass/Fail 
Withstand Force  Yes                  >50lbf  Pass 
Signs of Fatigue   No  Pass 
1/10” movement 1/8”  Fail 
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Test 3 Go/No Go   Pass/Fail 
Fitment   Go    Pass 
Speed of Install Time(min) <30min   
Install 1  10:07   
Install 2  9:47   
Install 3  11:05   
Avg.  10:19  Pass 
 
 
 
Budget  
Parts 
Parts list for this project are listed under Appendix D. Cost of each part plus the manufacturing 
of each part are in Appendix C. Most of the parts that needed to be ordered were raw materials 
for the manufacturing of the housing and the arms, plus six bolts for the assembly of the frame. 
These raw materials consistent mostly of 6061 Aluminum stock and ANSI 1020 low-carbon 
steel. They were order from MaMaster-Carr. The six bolts are ¼”-20 socket head varying in 
length. Two that are 3 ¾” long, two that are 3”, and two that are 1 ¾”. 
 
Man Hours 
The hourly rate of the manufacturing of the arms and the housing was estimated at $20/hours. 
Though the team will be manufacturing the frame themselves this estimation helps the gauge 
how much it would cost of if the parts would have to be sent out to a third party to be 
produced.  
 
Total Cost  
The total cost was estimated at $245.03. This is a high number. Some areas that make the price 
so high are the hourly wages of the machinist and the bolts cost. The bolts price have to be 
bout in balk which leads to the higher price. The complexity of the housing leads to more hours 
on the CNC. 
 
Success & Complications 
The successes that happened in this projects budget came in the form of the shipping, and the 
buying of bulk materials. The stock material was going to be order from McMaster-Carr and 
then shipped to CWU. But after talking to the head of the machine shop at CWU, it was found 
that they already had the material that was needed. This helped in two ways. First, the cutting 
down on the shipping costs(estimated at $30 total). And second, on buying bulk material 
costs(initial cost $157.09, final $107.10). The complications in the budget came in the form of 
man hours on the CNC machines and the inability to use the CWU’s plasma cutter. Though the 
total hours spent on each part was within 2 hours of the estimated time, the time on the 
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machining process was underestimated. This led to more money being spent on the hourly 
wage(total of $50) and increasing the budget. The plasma cutter was the final hurdle to get 
over. Because the one at CWU could not be used, the team had to send out the 1020 steel plate 
to a custom shop to be cut out. This added another $20 to the cost of the project.   
 
Estimated Cost vs. Actual Cost 
The initial estimated cost for the project was $245.03. This included the manual labor of 
running the machines and raw material. After completing the manufacturing of the project, the 
total cost was $251.56(Appendix D). This puts the project over budget by 2.6%. The reason for 
this increase, as stated above, was extra man hours, plus having to send the Short-arm to a 
custom shop. In the end, this extra cost is not great and the investors can easily manage the 
extra $6.53.  
 
 
Schedule  
The schedule(Gantt chart) for this project is in Appendix E. So far, the project is on schedule. 
One area that could have been a struggle was the winter. This project had a lot of machining 
which can take a lot of time. But after a lot of hard work, the machining was accomplished 
ahead of schedule. This allowed the team to do minor adjustments and fitment tests before the 
frame needed to be tested.   
 
Tasks Completed 
1) Machine the Long-arm. This will take programing the CNC mill, setting up the CNC mill, and 
then operating the CNC. 
2) Plasma cut and drill and tap the Short-arm. This will take transferring the .STL file to the 
plasma cutter and then cutting the arm out. Then will have to drill and tap the mounting 
holes. 
3) Machine the bottom of the Housing. The first step here will be to machine the top and 
bottom faces, then the ball joint journal. After that, the CNC lathe will be used to bore out 
the remainder of the bore. 
4) Machine the top of the Housing. This will be all on the CNC mill. First will be the bottom 
face. Then will move on to the top and all the bolt hole locations and countersinks. 
5) Cut out the rubber bushing. This will take a hot wire that will be used to cut out the bushing 
to the correct dimensions. 
6) Set up corrosion test and schedule time to complete it. This means collecting the heating 
source, the salt water, the spray bottle, and finding a place to run the test.  
7) Run corrosion test. This will be a week ling test. Twice daily(see Testing Methods). 
8) Manufacture mount for strength test. This mount does not have to be pretty, it just has to 
be able to withstand repeated compression. 
9) Run strength test(see Testing Methods).  
10) Mount shifter in car and records times(see Testing Methods). 
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Deliverables  
The goal with all the tests are to have them completed by the middle of May. This provides for 
any delays/malfunction and allows the team time to fix/repair any issues before the end of 
spring. With all the parts machined and the frame assembled, testing can begin without delay. 
 
Test to be completed: 
1) Corrosions test 
2) Strength test 
3) Install test 
 
Total time 
The total time estimated for this project is 157hrs(Appendix E). This time is manageable for 
getting the project done and for any delays that may happen. Total time used so far is 103hrs. 
 
Manufactured time  
The project had a total of five different parts to be manufactured. The majority out of 
aluminum. Because the machine shop had all the raw materials in stock, all the parts could be 
started ahead of schedule. With a lot of hard work, plus some overtime, all the parts were 
manufacture ahead of schedule(Appendix E). 
 
Long-arm 
The decision was made to manufacture the most complicated part first, the Long-arm. This is 
because, if issues would arise, they could be handled right away instead of rushing at the end of 
the quarter. The estimated time to complete the Long-arm was 10 hours. 8 hours for 
programing, 2 hours for machining and setup. In the ended up taking close to 12 hours to 
complete this part. This was due to a continual redesign of the CAD/CAM software, as well as 
brainstorming on fixtures and vice locations. One operation that had to be cut from the CNC 
program was the radius at the end of the Long-arm. This operation would have led to 
interference between the vice and the endmill leading to a crash. It was then decided to cut the 
radius later with a band saw and file/buff it to the correct dimensions. But once the program 
and setup was all finalized, the program ran smoothly and the part came out perfectly.  
 
Housings 
The housings, both top and bottom, were scheduled to take 15hrs and 10hrs respectively. The 
bottom housing took longer than expected due to the setup time. Because the clearance slot 
had to line up with the bolt hole pattern, creative ways had to be implemented to make sure 
that everything lined up correctly. This meant more time zeroing out the CNC and making sure 
everything lined up(+1hr). The top housing actually went down in time do to a slight redesign. 
Because the housing turned from a 3 ¼” O.D. to a 3 ½”, the complexity of the part went down, 
which lead to faster programing and machine time(-5hrs). 
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Short-arm and Bushing 
Both these parts were basic and did not need much programing or shop time. Nothing really 
changed as far as the design and the time to manufacture them. This lead led to each of them 
being within 1hr of the estimated manufacturing time.  
 
Testing time 
Location/Install speed  
The install test was accomplished on April 17th. This test took a total of 8hrs to complete. 2hrs 
for the location test, and 6hr for the Install speed. One of the main things that took up a lot of 
extra time was the preparation and the cleanup. Jacking up the car and making sure it was safe 
to work underneath, and then removing the old shifter and getting the tools ready to install the 
new frame. The total time in preparation and cleanup was about 3hrs. The remaining 5hrs was 
spent on running the tests. These tests were accomplished two weeks ahead of schedule due to 
the switching of order of the tests. This pushed the Strength and Corrosion tests back a couple 
weeks. All in, the location and install speed tests were accomplished on time and in the hours 
expected.   
 
Strength 
 
Corrosion  
Project Management  
Budget  
There is a risk to the budget. The amount of money required to build this frame is at the point 
that if it exceeds the estimated cost it will run the risk of not being completed. But the FB 
engineering group is very driven to get this done so if they have to 
put a little more money into it, they will. 
 
Help 
Here at Central Washington University there is a lot of help if 
needed. This project is very CNC and machine oriented and so one 
of the guys that the team is going to lean on is Ted Bramble. He is 
an expert machinist and has a lot knowledge in mechanical design. 
The Machinery’s Handbook will be heavily leaned on for speeds 
and feed. If any question come up as far as materials, Dr. Johnson has endless knowledge in the 
metallurgy field.  
Discussion  
Design Evolution/Performance Creep 
Arms 
The design for this project started off as three-part frame made completely made out of 
aluminum. The first plan was to make the 2” rise of the ball joint from the Long-arm and Short-
arm and just have the housing just hold the ball joint in place(Arm Sketch). But there were a 
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few problems that came from that. The first is the manufacturing of the arms. When you have 
that rise at each end of the arms, you are left with a lot of waste of 
material jacking up the cost. The solution to this problem was to 
keep the Long-arm and Short-arm straight and get the 2i” rise out of the housing instead. The 
housing is going to made out of 3 ½” round aluminum stock. The OD of this stock means that it 
does not have to machined or touched in any way making the Housing easier to make. All the 
team had to do then is just add 2” to the housing creating that lift fewer operations and waste.  
 
Alignment pins 
To prevent movement and to help with alignment on install the decision was made to add 
guide pins. The first take on the pins were to machine them into the aluminum parts, but this 
would add more time to the manufacturing processes. Calculations of the bolts used to hold the 
frame together showed that they would easily take up the max shear force(Figure A-6) and so 
the decision was made to use press fit pins. 
 
Short-arm material 
As stated above, the initial design was to create the entire frame out of aluminum. But the 
problem the team ran into with the Short-arm is the manufacturing of the part. With the way it 
is designed milling it out of aluminum would be too long and too hard to make it worth it. To 
get the cost down, both in material and man hours, the decision was made to make the short 
arm out of a low carbon steel instead. This decision was made even easier with the decision not 
to machine guide pins into the housing and arms. Now the Short-arm can be plasma cut out of 
a steel plate and just drilled and tapped without any CNC processing. 
 
Manufacturing Effect 
Long-arm 
The manufacturing process of the long had some pretty big effects on the final design of the 
Long-arm part. The original design had a ¼” in crop by the bolt holes on the right side. This 
allowed the spacing for the bolts to be a 1 ½” and have better clearance from the edge.  But 
were two main problems with the in crop design. First, the gripping of the part during the 
milling process would be way to hard and difficult. This would add a total of 2 more hours to 
the manufacturing time. The second problem was that it would add a new operation to the 
manufacturing process, which again, would add time(1hr). To get around all this hassle, the 
decision was made to move the bolt holes ¼” in and eliminate the in crop. The downside to this 
is that, because the bolt holes locations are based off the center of the housing, the distance 
between the bolt holes had to go down ½” to accommodate the ¼” shift to the left. Though this 
puts a little more stress on the bolts, the overall rigidity of the frame remained in tack. 
 
Top Housing 
The manufacturing of the housings(both top and bottom) had a couple effects on the final 
design of each part. The changes to the top housing came in the form of the stock of the 
aluminum. The initial design called for stock material of 3 ¼” round bar, which lead to a more 
complicated CNC milling process and programming(+1.5 hours). But, after verifying clearances, 
Arm Sketch 
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the decision was made to mill the part out of 3 ½”” round stock. This not only cut back on CNC 
programing time, but also cut back on shipping time, as this stock was in the shop already.  
 
Bottom Housing 
The bottom housing design changed in two specific ways due to the manufacturing process. 
The first came in the guide pin hole depths. Because the housing bolt holes and ball-joint hole 
would be machined in one operation on the CNC mill, the decision was made to drill the guide 
pin holes completely through the 2”. This helped in two ways. The first was on hole locations. 
Because the concentricity of all the holes(both bolt and guide pin) were based off of the center 
line of the ball-joint hole, doing both processes in one operation(not having to take the part out 
of the vice) allowed the tolerances on these locations to be as close as possible(+-0.002”). This 
helped when it came to assembly post operation. The second, was in operation time. Because 
the part did not have to be rotated, it eliminated one more operation. This saved about 1 hour 
of programming/machining time. 
 
Short-arm 
The Short-arm did not change design based off of the manufacturing process. Since its design 
was basic and not complicated, it could be easily plasma cut and drill/tapped. 
 
Test Modification and Success 
Install/Speed Test 
The install and speed test went as originally planned. The install test was a success, as the 
frame bolted straight to the transmission and the car. The speed test was also a success with 
the average install time of the frame of 10:19. But through all this success there is a few things 
that could have been changed to improve the accuracy of the tests. One such improvement 
could have come in the form of install personal. In all three speed tests the same person 
installed the shifter frame. Though this meant higher precision on the install times, the installer 
knew exactly how to put the frame in the car after the first time. One way to counteract that 
would be to have a different person install the frame each time. This way the person installing 
the shifter does not learn how to install the frame and then run the risk of speeding up the 
install time, based solely on improved work efficiently. 
 
 
Project Risk analysis 
The risk of the project not being completed is quite low. Now that the manufacturing of the 
frame is complete, the only thing left to do is the testing. Regardless of whether it passes or 
fails the tests, the team has a concept to show to perspective buyers. Any changes from here 
on out will be small/minor. 
 
Successful 
Success will be based on whether the frame will be able to bolted together(Outside and inside 
the car) and whether it allows the drive to shifter gear properly. 
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Next Phase 
The next phase the team is heading into is the testing phase. The design and modeling of the 
parts is completed. All green sheets and calculations have been done. Manufacturing of each 
part is complete, and the assembly goes together smoothly. Now the team just has to test the 
frame to make sure that it will hold up in the real world.  
 
Conclusion  
This ASTS frame has been devised, scrutinized, and designed to meet all the function 
requirements stated above. All parts of have been designed and manufactured to the specified 
design. The frame has been assembled and is ready for testing. It will meet, if not exceed the 
stock frame’s strength and rigidity(Figure A-7,8). The install speed is estimated at half that of 
the stock shifter install time, and will provide an easy solution to the drive shaft removal 
headache.(Figure A-5). The frame will not only meet all these requirements, but will do so all 
well-being corrosions resistant. Corrosion will be tested over the course of 1 week with heat 
and salt water. The strength will be tested with a jig/mount and pull-type weight gauge. The 
install test will be run on a 2005 Ford Mustang, and will be run three times to get accurate time 
average. All these tests, and their details/procedures, can be seen in the Testing Methods 
section of this report. Based off design and calculations, the ASTS frame will pass all three tests 
with flying colors and be ready for production by the beginning of June.  
 
This project meets all requirements, including: 
• Having substantive engineering merit in statics, metallurgy,  and applied strength and materials. 
• Cost and size of this project is easily in the resources of the team and FB engineering group. 
• Being of great significance to the primer investigator. 
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Appendix A 
 
Figure A-0(Yield of Stock) 
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Figure A-0(Yield for Stock) 
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Figure A-1(Stock Shifter) 
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Figure A-2a(Long Arm) 
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Figure A-2b(Long Arm) 
 
 
 
 
 
 27 
 
 
 
  
Figure A-2c(Long Arm) 
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Figure A-3a(Reaction for Rotation) 
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Figure A-3b(Reaction for Rotation) 
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Figure A-3c(Reaction for Rotation) 
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Figure A-4a(Long-arm 2) 
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Figure A-4b(Long-arm 2) 
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Figure A-4c(Long-arm 2) 
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Figure A-5a(Install speed) 
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Figure A-5b(Install speed) 
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Figure A-6a(Bolt Shear) 
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Figure A-6b(Bolt Shear) 
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Figure A-7a(Steel vs Short Arm) 
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Figure A-7b(Steel vs Short Arm) 
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Figure A-7c(Steel vs Short Arm) 
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Figure A-8a(Alumn. vs. Long Arm) 
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Figure A-8b(Alumn. vs. Long Arm) 
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Figure A-8c(Alumn. vs. Long Arm) 
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Figure A-9a(Stress on bushing housing) 
 
 45 
Figure A-9b(Stress on bushing housing) 
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Figure A-10a(Bolt stress) 
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Figure A-10b(Bolt stress) 
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Figure A-11a(Daily Force) 
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Figure A-11b(Daily Force) 
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Figure A-12a(Repeated Stress) 
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Figure A-12b(Repeated Stress) 
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Figure A-13(Decision Matrix) 
Senior Project Decision Matrix 
Spreadsheet: 
       
  
Score: 0 to 3 
(best) 
      
Criterion Weight 3 Steel   Aluminum Carbon Fiber 
 
  1 to 3 
(must) 
Best 
Possib
le 
1 Score x 
Wt 
2 Score x 
Wt 
2 Score x 
Wt 
 
Hours 1 3 2 2 3 3 1 1 
 
Technical 
Content 
3 9 2 6 3 9 2 6 
 
Complexity 2 6 1 2 2 4 3 6 
 
Industrial 
Involement 
2 6 3 6 3 6 1 2 
 
Cost 3 9 3 9 2 6 1 3 
 
Design 1 3 2 2 3 3 1 1 
 
Manufacturi
ng 
1 3 1 1 3 3 1 1 
 
Evaluation 2 6 2 4 3 6 1 2 
 
Feasible 3 9 2 6 3 9 1 3 
 
Size 1 3 2 2 3 3 1 1 
 
Total 19 57   40   52   26 
 
   
Mult 
      
NORMALIZE THE DATA 
(muliply by fraction, N) 
  1.7543
86 
70.175
44 
 
91.228
07 
 
45.6140
35 
Perce
nt         
69.0058
48 
Avera
ge         
22.8294
99 
Std 
Dev. 
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Figure B-1(Drawing Tree) 
 
 54 
Figure B-2(Long-arm) 
 
 
Figure B-3(Short-arm) 
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Figure B-4(Bottom Housing) 
 
 
Figure B-5(Top Housing) 
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Figure B-6(Bushing) 
 
 
Figure B-7(Exploded Assembly) 
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Figure B-8(Assembly, Dimensions) 
 
Appendix C 
ASTS Parts List 
   
Ite
m  
Part/Stock # Source Model # 
1 3 1/2”X24” Aluminum Stock 1 McMaster-
Carr 
9872T24
4 
2 3.5”X6” Round Aluminum Bar 1 McMaster-
Carr 
8974K88 
3     ¼”-20 Hex Thread Size, 3.75" Long Partially 
Threaded 
1 McMaster-
Carr 
91251A0
87 
4     ¼”-20 Hex Thread Size, 3" Long Partially Threaded  1 McMaster-
Carr 
91251A5
54 
5     ¼”-20 Hex Thread Size, 1.75" Long Full Threaded  1 McMaster-
Carr 
90044A1
24 
6 1/4"X5" Wide 12" Long 1020 Low carbon-steel bar 1 Mcmaster-
Carr 
8910K59
2 
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Appendix D 
 
 
 
 
 
 
  
 BUDGET
ASTS Frame
ITEM ID ITEM Description Price/Cost Quantity Subtotals Actual $
 (US Dollars)  (or hrs)
 ($ / hour)
1 1.5"X1.5"X24" 6061 Aluminum Ractangle Stock 92.55 1 92.55 40
1a Long Arm Build 15 2 30 45
2 3.5"X6" 6061 Round Aluminum Bar 40.46 1 40.46 25.46
2a Housing Build 15 4 60 75
3 1/4"X5" Wide 12" Long 1020 Low carbon-steel bar 24.08 1 24.08 44.08
4     ¼”-20 Hex Thread Size, 3.75" Long Partially Threaded 11.82 1 11.82 11.82
5     ¼”-20 Hex Thread Size, 3" Long Partially Threaded 12.7 1 12.7 12.7
6     ¼”-20 Hex Thread Size, 1.75" Long Full Threaded 10.2 1 10.2 10.2
Total($) 245.03 251.56
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Appendix E 
 
 
PROJECT TITLE:____ASTS Frame____
Principal Investigator.:___Dustin Braun_____ X = COMPLETED
Duration
TASK:Description Est. Actual %Comp. S October November Dec January February March April May June
   ID (hrs) (hrs)   
1 Proposal* X X X X
1a Outline 1 1 100% X X
1b Intro 1.5 2 100% X X
1c Methods 2 1 100% X X X X X X X X
1d Analysis 3 1.5 100% X X X X X X X X
1e Discussion 1.5 0 100% X X X
1f Parts and Budget 1 0.25 100% X X X X X
1g Drawings 6 5 100% X X X X X X X X X
1h Schedule 2 0.75 100% X X X X X
1i Summary & Appx 3 0 100% X X X X X X X X X
subtotal: 21 11.5
2 Analyses X X X X X X X X
2a Yield of Stock, GS 0 1.5 1 100% X X
2b Reaction with max force back, GS 1 1.5 2 100% X X
2c Reactions with max force to the side, GS 2 1.5 4 100% X X X X
2d Reaction with the max force forward, GS 3 1.5 1 100% X X
2e Install speed, GS 4 1.5 0.5 100% X X
2f Bolt Shear, GS 5 1.5 2 100% X X
2g Short-arm Design vs. Moment, GS 6 1.5 2.5 100% X X X
2h Long-arm Desing vs. Moment, GS 7 1.5 2 100% X X
2i Stress of Bushing mount vs. Force, GS 8 1.5 1 100% X X
2j Tensile of bolt vs. Force, GS 9 1.5 2 100% X X
2k Reactions for repeated stress, GS 10 1.5 2.5 100% X X
2l Allowable Sn' of material vs. actual, GS 11 1.5 1.5 100% X X X
2m Decision Matrix for Materials, GS 12 1.5 1 100% X X
subtotal: 19.5 23 100%
3 Documentation X X X X X X
3a Long Arm Drawing 2 2.5 100% X X X X X
3b Short Arm Drawing 1.5 2 100% X X X X
3c Bottom Housing Drawing 2 1.75 100% X X
3d Top Housing Drawing 2 0 100% X X X
3e Housing Subassembly  Drawing 1.5 0 100% X X X
3f Assembly Drawing 2 1 100% X X X X X X X X X
3g Bushing Adjustment 1.5 X X
subtotal: 12.5 7.25
4 Proposal Mods X X X X
4a Project Robot Schedule 3 4 X X X X
4b Project Robot Part Inv. 4 5 X X X X
4c Crit Des Review* 1
subtotal: 8 9
7 Part Construction X X X X X X
7a Long-arm 10 11.9 100% X X X X X X
7b Short-arm 5 4.2 100% X X X X X
7c Bottom Housing 10 11 100% X X X X X X
7d Top Housing 15 10 100% X X X X X
7e Bushing adjustment 2 1.5 100% X
subtotal: 42 38.6
9 Device Construct X X X
9a Housing construction 3 3.5 100% X X X
subtotal: 3 3.5 100%
10 Device Evaluation
10a Acid and Lye 3
10b Max Force test 5
10c Location test 2
10d Install test 5
subtotal: 15 0
11 495 Deliverables
11a Get Report Guide 2 1
11b Make Rep Outline 2 3
11c Write Report 8 6
11d Make Slide Outline 7
11e Create Presentation 4
11f Make CD Deliv. List 3
11e Write 495 CD parts 2
11f Update Website 7
11g Project CD* 1
subtotal: 36 10
Total Est. Hours= 157 102.9 =Total Actual Hrs
Labor$ 100 15700
Note: Deliverables*
Draft Proposal
Analyses Mod
Document Mods
Final Proposal
Part Construction
Device Construct
Device Evaluation
495 Deliverables
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